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Available online 28 August 2014AbstractBackground: A positive association between fundamental movement skills (FMS) and physical activity (PA) has been shown in previous
research of children with and without disability. This pilot study explored a causal mechanism for such relationship, and hypothesized that when
FMS proficiency is improved, enhanced PA uptake will be found in children with and without disability. It was further hypothesized that
improving FMS proficiency will have a greater impact on children with disability than those without disability.
Methods: Participants include typically developing (TD) children without disability and children with cerebral palsy (CP), who were allocated to
FMS training groups (CP-FMS n ¼ 12, TD-FMS n ¼ 13) and control groups (CP-C n ¼ 12, TD-C n ¼ 13). Training groups practiced five FMS
(run, jump, kick, throw, catch) in weekly 45-min sessions for 4 weeks. Control groups had their regular physiotherapy (CP) or physical education
(TD) sessions. FMS were evaluated using process- and product-oriented measures, and PAwas measured using accelerometers, before and after
training.
Results: It was verified that training groups gained improvements in FMS while control groups did not. No significant changes in weekday PA
were found. Increased weekend moderate to vigorous physical activity (MVPA) was found in the CP-FMS group, while decreased weekend
sedentary time was found in the CP-FMS and TD-FMS groups. The percentages of participants who exceeded the minimum detectable change
(MDC90) in MVPA and sedentary time were larger in children with CP than in children without disability.
Conclusion: The findings suggest that improved FMS proficiency could potentially contribute to heightened PA and decreased sedentary time
during weekends for children. Such effect of improved FMS proficiency on PA appears to be greater in those with physical disability than in
those without disability. It is recommended that the findings of this pilot study should be further examined in future research.
Copyright  2014, Shanghai University of Sport. Production and hosting by Elsevier B.V. All rights reserved.
Keywords: Cerebral palsy; Fundamental movement skills; Motor learning; Physical activity; Sedentary behavior1. Introduction
Physical activity (PA) has been deemed important in
child development due to its associated positive outcomes in* Corresponding author.
E-mail address: ccapio@hku.hk (C.M. Capio)
Peer review under responsibility of Shanghai University of Sport.
2095-2546/$ - see front matter Copyright  2014, Shanghai University of Sport.
http://dx.doi.org/10.1016/j.jshs.2014.08.001terms of musculoskeletal and cardiovascular health, social-
ization, and discipline.1e3 The World Health Organization
(WHO) recommends that young people should accumulate
at least 60 min of moderate to vigorous physical activity
(MVPA) daily.4 Children with physical disabilities tend to
have lower PA levels compared to those without disability,
as has been shown in those with cerebral palsy (CP).5,6
Children with CP are affected by impairments that hinderProduction and hosting by Elsevier B.V. All rights reserved.
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impacting PA participation.
In children without disability, fundamental movement skills
(FMS) proficiency has been found to be positively associated
with the time allocated to PA. Children who have greater FMS
proficiency tend to be more active.8e11 FMS consist of loco-
motor and object control skills that form the basis of move-
ment skills that are used in sports and games12 and are
believed to develop the foundations of PA patterns that persist
throughout a lifetime.13 In children with CP, gross motor
function has been suggested to be one of the important factors
that influence PA participation,14 possibly as a consequence of
delayed FMS development associated with motor
impairments.
The relationship of FMS with PA can be understood
through the International Classification of Functioning,
Disability and Health (ICF) model for children and youth.15
The ICF model is considered as the universal framework to
describe function, health, and disability and categorizes
human function under three components: body functions and
structures, activities, and participation.16 In children, the
relevant body function is the motor ability of a child, which
could be affected by developmental delay as in the case of
those with CP. FMS are complex skills that fall under the
activity component, while PA level represents a participation
component. The bi-directional relationship of ICF compo-
nents suggests that targeting the FMS proficiency of children
could generate positive effects on their PA engagement. Such
relationship may be affected by developmental delay due to a
physical disability. As such, this study piloted an FMS
training program and examined one direction of a causal
relationship between FMS proficiency and PA engagement in
two groups of children: those with CP and those without
disability. It was hypothesized that, if FMS has a causal
relationship with PA, there will be an increase in PA after
effective FMS training. Considering the impact of physical
disability on FMS development and PA participation, our
second hypothesis was that implementing FMS training will
have a greater impact on PA among children with disability
than those without disability.
Evidence-based recommendations have highlighted that
movement skills training should be based on a sound theo-
retical framework.17 In this study, the FMS training program
was based on the errorless motor learning model,18 which
constrains the environment to minimize the amount of practice
errors. It has been suggested that reduction of practice errors
facilitates movement performance that is stable even when
doing a secondary cognitive task (i.e., dual-task demands).18
Subsequent studies also revealed advantages such as stability
against physiological fatigue, long-term skills retention,19 and
superior movement performance.20 Besides those advantages
mentioned, this approach was chosen because it is believed
that greater experiences of success during practice could
promote heightened self-efficacy among children.
This model was applied in a recent study of children
without disability where overhand throwing practice was in-
tegrated into physical education (PE) lessons in a primaryschool.21 Task difficulty was manipulated so that learners
began with an easy task that progressively increased in dif-
ficulty, thereby minimizing practice errors in the early stage.
It was shown that reduction of errors in the initial stages of
learning resulted in improved movement performance that
were unaffected by cognitive dual-task demands. This sug-
gests that children learnt motor skills without significantly
relying on their cognitive resources. In a follow-up study, a
similar overhand throwing practice program was integrated
into the adapted PE lessons of children with intellectual
disability.22 Besides the consistent findings of improved
movement proficiency and stability in the presence of sec-
ondary cognitive tasks, heightened free play engagement
when the skill was relevant (i.e., throwing games) was also
observed. Based on these recent researches, the errorless
learning approach was deemed to be an appropriate frame-
work for FMS training of children with and without
disability. It appears that this approach could accommodate
learners’ variations of ability, and was thus used in this pilot
study.
2. Methods2.1. ParticipantsIn the first study group, children with CP were recruited
from a pediatric therapy clinic (n ¼ 24; 12 girls, 12 boys). To
prevent experimental contamination, participants were allo-
cated by group (i.e., those in the clinic at the same schedule
were allocated as a group to either training or control) into
either an FMS training group (CP-FMS; n ¼ 12; mean age:
6.92  3.04 years) or a control group (CP-C; n ¼ 12; mean
age: 7.98  1.74 years). The children with CP were within
Gross Motor Classification System (GMFCS) levels I to III.
There were six children in GMFCS level I (2 CP-C, 4 CP-
FMS), 14 in GMFCS level II (7 CP-C, 7 CP-FMS) and four
in GMFCS level III (2 CP-C, 2 CP-FMS). Two-way chi square
analysis showed no significant differences in the distribution
between groups (CP-FMS vs. CP-C) and between GMFCS
levels (c2 ¼ 1.67, df ¼ 2, p ¼ 0.435).
For the second study group, two classes of typically
developing (TD) children without disability were recruited
from a primary school (n ¼ 26; 13 girls, 13 boys) and were
allocated to either FMS training (TD-FMS; n ¼ 13; mean age:
7.17  2.77 years) or control (TD-C; n ¼ 13; mean age:
6.82  2.51 years). All participants from both groups met the
following inclusion criteria: (1) no known health conditions
that were contraindicated to engagement in moderate PA, (2)
able to follow a minimum of 2-step commands, (3) gave verbal
assent, and (4) returned signed parental informed consent. No
significant differences were found in the age and BMI of the
study groups.2.2. Design overviewThis pilot study used a preepost-test design over a
period of 8 weeks. Each participant completed 1-week
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second week. Training sessions (45 min) were conducted
once per week for the FMS groups over 4 weeks, while the
control groups received either their regular physiotherapy
session (CP) or PE classes (TD). An FMS post-test was
conducted in the subsequent week after completion of
training, followed by post-training PA monitoring in the final
week. All the study procedures were approved by the insti-
tutional review board of the University of Hong Kong.2.3. Measurement and outcomesf Analysis of throwing accuracy followed a standard procedure similar to
those conducted in the studies of Capio et al.21,22 on overhand throwing
training of children with typical development and those with intellectual
disability.
g The running area was padded with firm rubber mats and free of any clutter
or obstacles.
h The errorless motor learning approach constrains the environment such
that practice errors are minimized, particularly in the initial stages of learning.
The term does not mean to construe the absence of errors.PA was monitored by uni-axial accelerometers (Actigraph
7164 model; Actigraph LLC, Pensacola, FL, USA) worn on
the hip for 7 days23 at pre- and post-training. The acceler-
ometers were calibrated to a 15-s epoch to account for
intermittent short bursts of activities that are typical of
children. Evidence supports the validity of the Actigraph as a
PA measure in children with CP24,25 and children without
disability.26 Data were analyzed for those who met a required
minimum monitoring of 5 days (3 weekdays, 2 weekend
days). Trost et al.27 determined that in children and adoles-
cents, at least 4 monitoring days are needed to achieve
acceptable reliability. Consistent with published standards
for PA monitoring using the Actigraph, days with a total
monitoring time of <5 h and >18 h were excluded28 and
continuous accelerometer counts of zero for 20 min were
considered non-wear times.29 Log diaries were also distrib-
uted to enhance monitoring compliance and verify data.27
The cut-points suggested by Evenson et al.30 were used to
estimate the time spent in sedentary, light physical activity
(LPA), and MVPA. The cut points have been shown to be
valid among children without disability30 and those with
CP.25
FMS proficiency was measured using five components
(locomotor: run, jump; object-control: throw, catch, kick) of
the Test of Gross Motor Development-2nd edition (TGMD-
2).31 In considering skills that could be important in forms of
PA that children engage in, jumping and running were found
to be the most commonly used locomotion skills in structured
and unstructured play.32 On the other hand, the object-control
skills of kicking, catching, and overhand throwing have been
shown to be significant predictors of children’s PA.8 Using the
criteria of TGMD-2, the quality of movement patterns was
examined. Movement outcomes were also assessed such that
running was measured in terms of duration (s), and throwing
in terms of accuracy at hitting a 2-dimensional target (absolute
error in dm). Higher values of running duration and throwing
error represent inferior skills proficiency. Jumping was
measured in terms of distance (dm), while kicking and
catching were measured by the number of successful perfor-
mances out of five attempts. Two licensed physiotherapists
who were unaware of the study design and group allocation
conducted individual FMS testing sessions. Post-hoc video
analysis by two authors (CMC and KFE) showed >90%
agreement with the testers’ scores. Throwing accuracy was
measured post-hoc based on standard video analysis usingDartfish softwaref by a research assistant who was blinded to
the participants’ allocation.2.4. InterventionEach FMS training session consisted of skill-specific
practice of the two locomotor (run, jump) and three object-
control (kick, throw, and catch) components. Based on pilot
tests and consultations with therapists and teachers of the
participants, task difficulty was manipulated by progressively
increasing distance in the following: (1) jumping e horizontal
distance between the take-off and landing points; (2) kicking
e distance between the stationary ball and the target wall; (3)
throwing e distance between the participant and the target
wall; (4) catching e distance between the thrower and the
participant. Participants completed three bouts of 10-repetition
practice for the four skills. No increments in practice were
given for running. Instead, a 5-min session was given, during
which the participant was encouraged to run in an open space
where there were no obstacles or potential stimuli for trips and
falls.g No instructions were given on how to carry out the
movements, and participants were instead directed to aim for
the performance outcome (e.g., “jump to the target spot”,
“throw the beanbag to hit the target”). Each participant’s
regular physiotherapist or PE teacher conducted the practice
sessions, who also recorded the child’s performance for each
session. Successful task performances in every session were
verified (>50% success for each skill category)h before pro-
ceeding to the next level of difficulty. All participants
completed the four sessions with the corresponding in-
crements. The CP-C group received their regular physio-
therapy sessions once per week, while the FMS-C group
participated in their regular weekly PEs sessions.2.5. Data analysisFor analysis of FMS proficiency, change scores were
computed (post-teste baseline) for each of the FMS movement
pattern and outcome assessment scores. For PA data, the time
spent in sedentary activity, LPA and MVPA were converted to
percentage of monitored time to account for the variance in the
participants’ average monitoring time. This approach at analysis
has been done in other recent PA studies.33,34 Change scores
(post-test e baseline) were also computed for the percentage of
time spent in each activity category.
2  2 univariate analyses of variance (ANOVAs) were done
on the change scores using Group (CP, TD) and Training
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because FMS are known to develop during the pre-pubescent
years.12 Paired comparisons with Bonferroni adjustments
were performed to follow up significant main effects. Paired
samples t tests were performed to follow up significant in-
teractions, and to compare the weekday and weekend PA of
participants. Pearson’s product moment correlation was
computed to examine the association between change in FMS
scores and change in activity category. Statistical significance
was set at p < 0.05 for all tests.
The minimal detectable change (MDC) for time spent in
the three PA categories was also computed for the training
groups (CP-FMS, TD-FMS) to verify that observed changes
were not due to uncontrolled error. The MDC90 was computed
based on the standard error of measurement (SEM) and the
confidence interval (90%CI) of the mean changes in scores.35
The proportion of participants in the training groups who
achieved the MDC90 was then calculated.
3. Results3.1. FMS proficiencyIt was first verified that FMS proficiency had improved for
participants in the training groups. Based on the analyses of
change scores, participants in the FMS training groups
appeared to have gained improvements in the quality of
movement patterns and outcomes, as reported in detail below.
3.1.1. Quality of movement patterns
A significant main effect of Training was found on the change
in scores of all five tested FMS: running (F(4, 49) ¼ 8.407,Table 1
Comparison of participants’ pre- and post-test measures of fundamental movemen
Group FMS measure
(Maximum score/units)
FMS group
Pre-test
CP Run (8)a 3.08  1.98
Jump (8)a 1.75  1.77
Kick (8)a 3.83  1.40
Throw (8)a 3.33  1.44
Catch (8)a 3.08  1.44
Running duration (s)b 4.84  1.96
Jumping distance (m)b 0.27  0.36
Kicking attempts (n/5)b 2.25  1.42
Throwing accuracy (m)b 0.58  0.20
Catching attempts (n/5)b 3.00  1.21
TD Run (8)a 5.69  1.80
Jump (8)a 5.31  2.14
Kick (8)a 5.15  1.63
Throw (8)a 5.15  2.03
Catch (8)a 4.15  1.72
Running duration (s)b 2.40  0.62
Jumping distance (m)b 1.01  0.35
Kicking attempts (n/5)b 2.46  1.39
Throwing accuracy (m)b 0.41  0.11
Catching attempts (n/5)b 3.62  1.04
a Movement pattern assessment.
b Outcome assessment.
Abbreviations: FMS ¼ fundamental movement skills; CP ¼ cerebral palsy; TD ¼p¼ 0.006, c¸2¼ 0.239), jumping (F(4, 49)¼ 20.357, p< 0.001,
c¸2¼ 0.311), kicking (F(4, 49)¼ 16.207, p< 0.001, c¸2¼ 0.265),
throwing (F(4, 49) ¼ 10.798, p ¼ 0.002, c¸2 ¼ 0.194), and
catching (F(4, 49) ¼ 8.407, p < 0.006, c¸2 ¼ 0.239). Pairwise
comparisons showed that training groups had a significantly
larger positive change in scores than the control groups (all
p < 0.01). Age was also found to be a significant covariate of
the change in three skills: jumping (F(4, 49) ¼ 12.291,
p¼ 0.001, c¸2¼ 0.215), throwing (F(4, 49)¼ 15.86, p< 0.0001,
c¸2 ¼ 0.261), and catching (F(4, 49) ¼ 7.919, p ¼ 0.007,
c¸2 ¼ 0.150). No significant main effect of Group was found
for any process-oriented FMS score. No significant
Group  Training interactions were found either.
3.1.2. Movement outcomes
Significant main effects of Training were found on the
change in scores for all five tested skills: running duration
(F(4, 49) ¼ 7.86, p ¼ 0.008, c¸2 ¼ 0.155), jumping distance
(F(4, 49) ¼ 14.03, p ¼ 0.001, c¸2 ¼ 0.238), successful kick
(F(4, 49) ¼ 24.79, p < 0.001, c¸2 ¼ 0.355), successful throw
(F(4, 49) ¼ 9.41, p ¼ 0.004, c¸2 ¼ 0.173), and successful catch
(F(4, 49) ¼ 14.38, p < 0.001, c¸2 ¼ 0.242). Pairwise com-
parisons showed that the training groups had significantly
larger positive changes in scores (all p < 0.05). A significant
main effect of Group was found on the change in catch scores
(F(4, 49) ¼ 8.69, p ¼ 0.005, h2 ¼ 0.162) and pairwise com-
parison showed that the improvement among the group with
CP was significantly higher than that in the group without
disability ( p ¼ 0.005). Age was a significant covariate only for
jumping distance (F(4, 49) ¼ 4.63, p ¼ 0.037, c¸2 ¼ 0.093). No
interactions were found in any of the movement outcome
scores. Table 1 summarizes the baseline and post-test scores int skills proficiency (mean  SEM).
Control group
Post-test Pre-test Post-test
4.33  1.87 1.50  1.51 1.67  1.44
4.92  2.39 2.08  2.02 2.17  1.99
5.83  1.59 3.00  1.04 3.33  0.98
4.83  1.80 2.92  1.31 3.08  1.31
4.67  1.50 2.75  1.14 3.00  1.13
3.92  1.54 5.15  2.85 4.91  2.45
0.39  0.40 0.17  0.22 0.17  0.21
4.42  0.90 1.83  1.34 2.08  1.16
0.45  0.23 0.66  0.11 0.64  0.12
4.92  0.29 2.33  1.23 2.75  0.75
7.08  1.04 5.69  1.38 6.00  1.15
7.38  0.97 4.85  1.77 5.85  0.99
6.77  1.01 4.69  1.25 5.23  1.54
6.77  1.01 4.08  2.14 5.00  1.73
5.31  0.94 4.00  1.83 4.77  1.01
1.97  0.40 2.45  0.62 2.35  0.53
1.10  0.33 0.97  0.36 0.99  0.32
4.62  0.51 2.85  1.14 3.23  0.73
0.28  0.09 0.46  0.13 0.45  0.13
4.46  0.66 3.54  1.33 3.69  0.85
typically developing.
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outcome assessments.3.2. Baseline PAPaired samples t tests showed statistically significant dif-
ferences in the participants’ weekday and weekend baseline
PA (all p < 0.05). In both groups of children (with CP and
without disability), the percentage of sedentary time was
found to be higher during weekends, while percentages of LPA
and MVPA time were lower. As such, comparisons of baseline
and post-training PA were analyzed separately for weekend
and weekday data.3.3. Change in PA
3.3.1. Weekday PA
No main effect of Training was found in any of the three PA
categories of sedentary, LPA, and MVPA. This overall lack of
change in weekday PA as a consequence of FMS training is
apparent in Fig. 1. A significant main effect of Group was
found on the change in percentage of monitored MVPA time
(F(4, 49) ¼ 6.52, p ¼ 0.014, c¸2 ¼ 0.126). Pairwise comparison
showed that children with CP in general, showed an increase
of MVPA percentage at post-test, while children without
disability showed a decrease ( p ¼ 0.014). There was no
interaction between Group and Training. Age was found to
have a significant main effect on the change in sedentary time
(F(4, 49) ¼ 6.11, p ¼ 0.017, c¸2 ¼ 0.119) and MVPA time
(F(4, 49) ¼ 4.64, p ¼ 0.037, c¸2 ¼ 0.093), but not in LPA time.
3.3.2. Weekend PA
For weekend PA, significant main effects of Training
(F(4, 49) ¼ 29.47, p < 0.001, c¸2 ¼ 0.396) and Group
(F(4, 49) ¼ 5.98, p ¼ 0.019, c¸2 ¼ 0.117) were found on
change in the percentage of sedentary time and pairwise
comparisons showed that the training groups displayed a sig-
nificant decrease in sedentary time ( p < 0.001) but not the
control groups. Training groups of children with CP and
children without disability both manifested decreased seden-
tary time, but the drop for the group with CP was bigger
( p ¼ 0.019). Age was a significant covariate (F(4, 49) ¼ 4.36,Fig. 1. Percentage of monitored time in sedentary, light (LPA), and moderate to vi
children with cerebral palsy (CP) and children who are typically developing (TD)p ¼ 0.043, c¸2 ¼ 0.088), but no significant interactions were
found.
A significant main effect of Training was found for the
percentage of time spent in LPA (F(4, 49) ¼ 8.03, p ¼ 0.007,
c¸2 ¼ 0.151), and a pairwise comparison showed that training
groups had an increase in LPA while control groups had a
decrease ( p ¼ 0.007). No significant effects of Group or Age,
and no significant interactions were found.
Training (F(4, 49)¼ 25.41, p< 0.001, c¸2¼ 0.361) andGroup
(F(4, 49) ¼ 35.54, p < 0.001, c¸2 ¼ 0.434) were found to have
significantmain effects on change in the percentage of time spent
in MVPA. A significant Training  Group interaction was also
found (F(4, 49)¼ 4.43, p¼ 0.041, c¸2¼ 0.09). Only the CP-FMS
group had a significant increase in MVPA time from baseline to
post-test (t(12)¼7.51,p< 0.001).No significant changeswere
found in the CP-C group. For the TD-FMS group, no significant
change was found and a significant decrease in MVPA time was
found in the TD-C group (t(12) ¼ 2.26, p ¼ 0.043). Changes in
weekend PA are illustrated in Fig. 2.
3.3.3. Associations between change in FMS proficiency and
change in PA
As some changes are apparent in weekend PA, correlations
between the changes in FMS proficiency scores and changes in
weekend PA were examined (Table 2). For the groups with CP,
change in percentage of sedentary time had significant negative
associations with changes in movement patterns for locomotor
( p ¼ 0.012) and object-control skills ( p ¼ 0.004). Change in
percentage of MVPA time was positively associated with
changes in locomotor ( p ¼ 0.022) and object control skills
( p ¼ 0.002). Among the movement outcome scores, only the
change in jumping distance was found to have a significant
negative association with change in percentage of sedentary
time ( p ¼ 0.009). No other significant associations were found.
For children without disability, change in percentage of
MVPA time was found to have significant positive associations
with change in movement patterns for locomotor ( p ¼ 0.012)
and object-control skills ( p ¼ 0.038). Change in percentage of
sedentary time had a significant positive association with
change in running duration ( p ¼ 0.001) and negative associa-
tions with change in jumping distance ( p ¼ 0.023) and change
in successful kicking ( p ¼ 0.037). Change in percentage ofgorous physical activity (MVPA) on weekdays at baseline and at post-test, for
. FMS ¼ fundamental movement skills.
Fig. 2. Percentage of monitored time in sedentary, light (LPA) and moderate to vigorous physical activity (MVPA) on weekend days at baseline and post-test, for
children with cerebral palsy (CP) and children who are typically developing (TD). *Statistically significant at p < 0.05. FMS ¼ fundamental movement skill.
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with change in running duration ( p ¼ 0.024). Change in per-
centage of MVPA time had a significant negative association
with change in running duration ( p ¼ 0.039) and significant
positive associations with change in jumping distance
( p ¼ 0.025) and change in successful kicking ( p ¼ 0.027).
3.3.4. MDC proportion
In the CP-FMS group, the MDC90 for percentage of time in
sedentary behavior was determined to be 2.87%, and 10 out of
12 participants (83.33%) exceeded this MDC90 value. MDC90
of percentage of LPA time is 3.07% and three out of 12 par-
ticipants (25%) exceeded this value. For the percentage of
MVPA time, 11 out of 12 participants (91.67%) exceeded the
MDC90 value of 1.55%. In the TD-FMS group, nine out of 13
participants (69.23%) exceeded the MDC90 value of 2.76% for
change in percentage of sedentary time. MDC90 of change in
percentage of LPA time is 2.95%, and five out of 13 partici-
pants (38.46%) exceeded this value. Similarly, five out 13
participants (38.46%) exceeded the MDC90 value of change in
percentage of MVPA time, which is 1.49%.
4. Discussion
This pilot study aimed to explore a causal relationship
between FMS proficiency and PA in children with and withoutTable 2
Correlation coefficients (r) of change in percentage of time in PA categories on w
Change Movement pattern Outcome
Locomotor Object-control Run
CP
Sedentary 0.503* 0.559** 0.347
LPA 0.258 0.110 0.310
MVPA 0.465* 0.589** 0.210
TD
Sedentary 0.310 0.275 0.603**
LPA 0.060 0.015 0.442*
MVPA 0.484* 0.409* 0.407*
* p < 0.05; ** p < 0.01.
Abbreviations: CP ¼ cerebral palsy; TD ¼ typically developing; LPA ¼ light phydisability. It was first confirmed that the implemented training
in this study effectively improved FMS proficiency. This was
apparent in the results, which showed the main effect of
training, suggesting that those who underwent the FMS
training gained improvements in FMS scores, while control
groups did not. By subsequently examining change in PA
levels after undergoing FMS training, causal relationships
were inferred. While training had no apparent effects on
weekday PA, positive changes were found on weekend PA.
Children, with and without disability, who underwent FMS
training, were found to have decreased sedentary time and
heightened LPA and MVPA time on weekends. In the absence
of a main effect of Training on weekday PA, it is thus sug-
gested that the hypothesis that FMS proficiency has a causal
relationship with PA was only partially supported.
Previous associational research has shown a similar dif-
ferentiation between weekday and weekend PA among chil-
dren with and without CP, such that they were more active on
weekdays than on weekends.36 This current pilot study sug-
gests that by targeting to improve FMS proficiency, children
are likely to have heightened weekend activity. This appears to
be true for children with and without disability. The distinct
differentiation in the changes in weekday and weekend ac-
tivity implies that other more relevant factors influence PA
engagement during weekdays. For instance, with the partici-
pants in this study being of school age, it might be consideredeekend and change in fundamental movement skill scores.
Jump Kick Throw Catch
0.407** 0.375 0.250 0.236
0.223 0.198 0.184 0.003
0.351 0.260 0.197 0.354
0.445* 0.411* 0.328 0.242
0.275 0.200 0.167 0.159
0.438* 0.433* 0.306 0.296
sical activity; MVPA ¼ moderate to vigorous physical activity.
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weekday activities.37 Weekend activities, on the other hand,
would be relatively less structured and more dependent on a
child’s play patterns and parental influence that had been
shown to affect PA of children.38 However, these psychosocial
aspects of weekday and weekend PA patterns were not
examined in this study and clearly need further investigation.
It was also hypothesized that FMS training will have a
greater impact on PA of children with disability than those
without disability. Looking at weekend PA specifically, a
significant interaction between participant group and training
was found in the change in weekend MVPA time. Further
analysis showed that while MVPA time was increased in
children with and without disability who underwent FMS
training, such change was significant only for those with CP.
No such interaction was found in the change in weekend
sedentary time as both groups (with and without disability)
who underwent FMS training manifested significant re-
ductions in sedentary time. However, children with CP were
found to have a greater decrease in sedentary time compared
to those without disability (Fig. 2). These findings suggest that
the impact of improved FMS proficiency on PA is of a greater
magnitude for children with disability.
The extent of change was also examined in terms of the
proportion of participants who exceeded the calculated
MDC90, which is interpreted as the minimum change man-
ifested by a participant that might be considered as a true
change and not due to error.35 It is a useful marker, because it
provides an indicator of the effectiveness of an intervention in
clinical terms. Among children with disability, high levels of
effectiveness were apparent in reducing sedentary time and
increasing MVPA time as most of the participants displayed
such changes beyond the MDC90 reference. In children
without disability, the proportion of participants who showed
reduced sedentary time was notably less, and those who
manifested increased MVPA time were the minority. The
findings of this analysis also lend support to the hypothesis
that FMS proficiency could influence PA participation among
children with disability to a greater extent than in children
without disability. These findings are deemed consistent with
the ICF model, which suggests a bidirectional relationship
between the human function components of motor proficiency
and PA participation.16 Considering the limitations of this pilot
study, it would be necessary to implement further research to
confirm these findings using alternative study designs (e.g.,
randomization).
Heightened engagement in MVPA is needed to generate the
important health benefits associated with PA,39 and this pilot
study suggests that improved FMS proficiency in children with
disability could contribute towards achieving this, at least on
weekends. The physical impairments typically found in chil-
dren with CP are known to limit movement,7 and its effect on
PA engagement should not come as a surprise. It appears that
through skill-specific training that allowed children with CP to
become better at moving, PA engagement is possibly height-
ened. In the associational analysis of this study, improved
movement patterns of children with CP appear to havesignificant correlations with reduced sedentary time and
heightened MVPA time. Interestingly, such associations were
not similarly consistent when changes in movement outcomes
were considered as only the change in jumping distance was
found to be associated with change in sedentary time. This
converges with the findings of a previous study on children
with CP, which showed that FMS movement patterns, rather
than outcomes were stronger predictors of PA.36 Children with
CP have been known to require greater energy consumption
with locomotion (i.e., walking, running) as a consequence of
spasticity and impaired postural control.40,41 Improvement in
FMS movement patterns could be taken as an indicator of
adopting a more energy-efficient movement pattern.42 It is
thus possible that when movements are more cost-effective,
children with CP may tend to engage in PA more. However,
these potential explanations need to be explored further in
future research.
In other recent research concerning the PA and FMS of
children without disability, it has been suggested that a
reciprocal “positive feedback loop” exists in which increased
PA generates improvements in FMS proficiency.43 As this
current pilot only examined one direction of causality, future
research could examine if such reciprocal relationship exists in
children with and without disability.
While this study did not aim to evaluate the errorless motor
learning approach that was used in the FMS training, some
points may be worth noting for future explorations and for
professionals with interest in movement training of children.
Improvements in movement patterns occurred despite the
absence of instructions on how to perform the skills. Recent
studies have shown similar results, where improved movement
patterns emerge alongside improved performance outcomes
with training programs that minimize practice errors in chil-
dren.21,22 FMS are believed to naturally develop in children.12
In children without disability, it is possible that FMS im-
provements occur as a developmental change in the absence of
skill-specific training. However, in both groups of children
(with and without disability) in this study, only the training
groups displayed significant improvements in FMS. This
suggests that improvements in FMS proficiency could be
attributed to skill-specific training and not only to develop-
mental change. The errorless motor learning approach used
here might be considered for future explorations that involve
movement training.
It could not be emphasized more that the findings pre-
sented here are based on a pilot study, and the small sample
size should be considered in interpreting the findings. While
the statistical differences were definitive, three-way in-
teractions were not consistent throughout all the PA cate-
gories and effect sizes were not large. Nevertheless, the MDC
analysis provides additional support for the effect of FMS
proficiency on the PA of children with disability. The limited
sample size did not allow the analysis to account for severity
of disability. It is possible that the effect of training on FMS
proficiency (and consequently on PA) could be moderated by
the severity of disability, and this should be examined in
future research.
242 C.M. Capio et al.5. Conclusion
This pilot study aimed to examine the relationship of FMS
proficiency and PA among children with and without disability
using a preepost-test study design. The proposition that
improved FMS proficiency has a causal relationship with PA
was partially supported, as changes in PA were apparent on
weekends after effective FMS training. The secondary hy-
pothesis that FMS proficiency has a larger impact on children
with disability than those without disability was supported by
greater positive changes (reduced sedentary time, increased
MVPA) in children with CP, and bigger number of children
who manifested true change (MDC90). This study offers pre-
liminary findings that justify further research that would
explore the mechanisms that underlie the relationship between
movement proficiency and PA in children with and without
disability. A range of factors have been known to influence PA
participation in children38 and this study provides a spring-
board for further research to situate FMS proficiency in the
landscape of causal mechanisms that help children become
sufficiently active.Acknowledgment
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